The digestive physiology of the germ-free animal has a number of characteristics (cecal hypertrophy, slower small intestine cell renewal, slower gastric emptying and intestinal transit) which distinguish it from that of the conventional animal. If the germ-free model is to be used to determine the role of gastrointestinal microflora in the nutrition of the conventional animal, it is essential to complete the study of these characteristics by data on digestive enzymes in the germ-free. The present paper analyzes these data.
Summary.
The digestive physiology of the germ-free animal has a number of characteristics (cecal hypertrophy, slower small intestine cell renewal, slower gastric emptying and intestinal transit) which distinguish it from that of the conventional animal. If the germ-free model is to be used to determine the role of gastrointestinal microflora in the nutrition of the conventional animal, it is essential to complete the study of these characteristics by data on digestive enzymes in the germ-free. The present paper analyzes these data.
There is little information on salivary amylase and none on gastric proteolytic enzymes and intestinal peptidases. More complete data on exocrine pancreas enzymes and intestinal disaccharidases show that the digestive equipment is similar in germ-free and conventional animals. Bile salts, not considered as digestive enzymes, are qualitatively and quantitatively different, depending on the digestive tract bacterial environment. In general, the germ-free animal has some characteristics which should permit better utilization of the diet ingested. Measurements of apparent digestibility do not confirm this hypothesis since results obtained in germ-free and conventional animals of the same species are contradictory.
The germ-free animal is certainly a very useful tool for studying the role of gastrointestinal microflora in the nutrition of its host. The large intestine contains the largest bacterial population (1 to 3.10 10 bacteria/g fresh contents) and the greatest number of microbial species in the gut (Ducluzeau and Raibaud, 1975 ; Schaedler, 1973) . In some cases, bacteria may efficiently intervene in the digestive utilization of the diet ingested by the animal (R6rat, 1978) .
However, a number of experiments in the germ-free animal have shown that it cannot be considered simply as a conventional animal, deprived of gastrointestinal microflora, since certain characteristics of its digestive physiology distinguish it from the conventional animal (see reviews by Gordon et al.,1966 ; Combe et al., 1976) . A knowledge of these characteristics is essential when determining the part due to bacteria in the digestion of an ingested diet.
The germ-free state in rodents and lagormorphs leads to a substantial increase in cecal sac contents and size (Glimstedt, 1936 ; Wostmann and Bruckner-Kardoss,The morphology of the small intestine in the germ-free rat (Gordon and Wostmann,1960) , guinea-pig (Sprinz et al.,1961) and chicken (Thorbecke et al.,1957) differs by a lower weight, a smoother mucosa and a smaller reticulo-endothelial cell population. The small intestine mucosal surface area of the germ-free rat is on an average 30 p. 100 lower than that of the conventional animal ; this reduction is marked in the mid and lower parts of the small intestine and relatively slight in the upper segments (Gordon and Bruckner-Kardoss, 1961) . But, according to Meslin (1971) , the mucosal surface area of the proximal intestine is larger and that of the distal part more reduced in the germ-free than in the conventional rat. After deduction of cecal content weight, there was no difference between germ-free and conventional rats when considering the total surface of the intestinal mucosa relative to body weight (Meslin, Sacquet and Guenet, 1973) .
Some differences between germ-free and conventional states were also emphasized in the epithelial renewal rate of the small intestine. The transit time of cells moving from the crypts to the villus tips is twice as long in the ileum of the germ-free mouse as in that of its conventional counterpart and depends on cell production which, in turn, is related to the number of cells in the proliferative pool and the duration of the generative cycle (Abrams, Bauer and Sprinz, 1963 (Guenet et al., 1970) . In the chicken, the rate of epithelial cell migration is lower in the germ-free than in the conventional state, but the relative differences are greater in the lower than in the upper intestine (Rolls, Turvey and Coates, 1978) .
Gastric emptying and small intestinal transit of the ingested food were found to be slower in the germ-free than in the conventional state. Six hours after a labelled test-meal, the cecum of the germ-free mouse retained a greater percentage of radioactivity than the cecum of the conventional animal, and the passage of the marker into the feces was slower (Abrams and Bishop, 1967) . Gastrointestinal transit was also slower in the germ-free than in the conventional rat (Sacquet, Garnier and Raibaud, 1970 ; Riottot et al., 1980) , and tended to be longer in germ-free rats fed irradiated diets than in those fed autoclaved diets (Riottot et al.,1980) . (Loesche, 1968 ;  Reddy, Pleasants and Wostmann, 1969) , mouse (Loesche, 1968) and rabbit (Malis et al., 1974 (Malis et al., , 1976 (Wostmann, 1973) , and hyodeoxycholic, deoxycholic and lithocholic acids are absent in that secretion (Kellogg, 1971 ).
The bile acid pool is larger and fecal bile acid excretion is lower in the germ-free rat (Kellogg and Wostmann, 1969a ; Kellogg, 1971 ; Sacquet et al., 1975) and the germ-free mouse (Eyssen, Parmentier and Mertens, 1976) (table 6 ). In the germ-free rat harbouring bacteria that reduce cecal distension but do not metabolize bile acids, the values of the intestinal pool and of fecal bile acid excretion are located between those of germ-free and conventional animals . According to Wostmann et al. (1976) , the addition of lactose to the diet results in different bile salt compositions in germ-free and conventional rats ; bile acid metabolism is not affected, contrary to data reported by Sacquet, Leprince and Riottot (1979) . In addition, the latter authors and Riottot et al. (1980) showed that the intestinal pool and fecal bile acid excretion mainly depend on small intestine transit time which is longer in the germ-free than in the conventional rat.
In the germ-free state, a higher intestinal bile acid pool would determine a greater bile acid flow through the liver, leading to a decrease in biosynthesis mediated by a feedback mechanism (Sacquet, Leprince and Riottot, 1979) . Moreover, the more active z nterohepatic circulation of bile salts in the germ-free animal leads to a decrease in the catabolism of hepatic cholesterol (Kellogg, 1971 ; Wostmann, 1973) . Liver cholesterol concentrations are three times higher in the germ-free rat fed a purified diet containing 0.5 p. 100 cholesterol than in the conventional animal (Kellogg and Wostmann, 1969b) .
According to Einarsson, Gustafsson and Gustafsson (1973) , 7a-hydroxylase activity is higher in the conventional state, and the effect of bacteria may be partly mediated via increased cholesterol 7«-hydroxylation in the liver since the activity of this enzyme is supposed to be the rate-limiting step in the conversion of cholesterol into bile acids (Danielssson, Einarsson and Johansson, 1967) . However, the data obtained by Ukai! Tomura and Ito (1976) , showing enlarged pools of both cholesterol and bile acids in the enterohepatic circulation of the germ-free rat, suggest that the decrease in hepatic cholesterol catabolism might be due to slower total metabolism in the germ-free animal.
Other intestinal enzymes
No difference was found between germ-free and conventional rats as to the patterns of hexokinase, glucose-6-phosphatase, pyruvate kinase and lactate dehydrogenase distribution along the gastrointestinal tract (Kawai and Morotomi, 1978) . Neither did these authors find any difference in hexokinase or pyruvate kinase activities in these animals, whereas glucose-6-phosphatose activity in the whole digestive tract and lactate dehydrogenase activity in the cecum were higher in the germ-free rats.
Histochemical studies in the mouse do not show any significant differences between germ-free, monocontaminated and conventional animals as to the duodenal and jejunal enzyme activity of NAD and NADP succinic dehydrogenase and esterase (Herskovic et al., 1967) . The activity of alkaline-phosphatase and adenosine-triphosphatase, which are involved in active intestinal transport systems, is higher in the germfree mouse (Jervis and Biggers, 1964) and rat (Reddy, 1971 ; Kawai and Morotomi, 1978) than in their conventional counterparts. Acid phosphatase, involved in local defense mechanisms, has a lower activity in the germ-free than in the conventional mouse (Jervis and Biggers, 1964 Gordon, 1969 ; Loeschke and Gordon, 1970) , whereas the excretion of plasma proteins is similar in germ-free and conventional rats (Levenson, Gruber and Kan, 1969 Whitt and Demoss (1975) , the lower free amino acid concentrations in the distal part of the germ-free small intestine reflects the greater absorption rate of those products. The absorption of 14 C -L-methionine is twofold higher in the germ-free than in the conventional mouse (Herskovic et al., 1967) , whereas Riedel, Scharrer and L6sch (1972) showed very little difference in the intestinal absorption of 14 C-leucine in germ-free and conventional fowl. Xylose absorption is twice as quick in the germfree rat and mouse as in their conventional counterparts (Heneghan, 1963) . Lipid absorption depends on the type of fat ingested ; saturated fatty acids, such as palmitic and stearic acids, are better absorbed in the germ-free than in the conventional rat (Demarne et al., 1970) .
In theory, the germ-free animal possesses a whole set of physiological characteristics allowing a better digestive utilization of the diet ingested. (Yoshida et al., 1968) . In the absence of microflora, apparent lipid digestibility (Luckey, 1963 ; Yamanaka et al., 1972) , particularly that of long-chain saturated fatty acids (Boyd and Edwards, 1967 ; Demarne et al.,1970 
